Health professionals have a role to play in assisting patients to communicate genetic information to their relatives. In France, a specific unique legal framework has been implemented concerning this issue. We questioned professionals about their practice and how it has evolved in this new frame. The French law has opted to lay responsibility for disclosure on the person concerned by a positive test result, without totally excluding some responsibility on the part of the professionals involved, in the information to be disclosed and in the transmission of the information if a patient refuses to do it themselves (indirect disclosure). We designed and validated an online survey to be sent out to healthcare professionals to explore their practice and how they went about implementing the legal provisions. We also sought to determine how healthcare professionals dealt with a patient's refusal to disclose information to their relatives, and whether the legal framework was helpful. We carried out a statistical analysis of the responses to questionnaires to interpret the results by professional category, field of medicine and genetic disorder. The results show that professionals agreed on the relevance of disclosure to relatives. However, they show a range of practices and varying representations of the genetic issue in the framework of disclosure to relatives according to their medical field, their role in the health system and their own interpretations. They indicated a lack of resources, raised some ethical issues and put forward some arguments against contacting relatives themselves.
Introduction
The familial nature of genetic diagnosis raises the question of how far genetics changes the scope of medical information [1, 2] . For some health disorders of genetic origin, the disclosure of information to relatives allows preventive or care measures to be taken, and enables persons affected to make decisions about their own and their offspring's health. However, the process of communicating genetic information has been shown to be challenging, and it is often uncertain whether family members have been informed [3] . Genetic healthcare professionals (HCP) have a role to play in assisting families to communicate, because of their understanding of the familial implications of genetic diagnosis [4] . This understanding confers a professional duty to discuss with the consulting patient which family members are at risk and why, and an ethical duty to encourage these patients to communicate information about the genetic diagnosis to family members [5] . Numerous studies have investigated the attitudes of professionals confronted with the possible need to breach confidentiality, if a patient does not want to disclose information to family members [6] [7] [8] , or have investigated professionals' practices concerning disclosure of genetic information within families during and after genetic counselling [1, 5, [9] [10] [11] . We set out to study this question in a specific French context, where a legal framework has been put in place. In 2011, the law concerning disclosure of information to kin underwent three major changes (Table 1 ) [12] .
The law provided for the implementation of a specific procedure for the disclosure of genetic information to family members. The detection of any serious disease via DNA testing legally binds patients to inform their relatives about genetic risks whenever it is relevant for their health, for instance, in the case of a severe genetic anomaly that is treatable or preventable, including through genetic counselling. The patient can opt for either:
1. Direct disclosure to relatives: the patient informs their relatives themselves, and the HCP's role is restricted to delivering information to the patient concerning this procedure of disclosure to kin before and after the test, or 2. Indirect disclosure to relatives: the HCP informs the family members, with the patient's prior consent, if the latter does not want to know the genetic test result or inform their family themselves. The HCP sends this information by letter to the family members, and invites them to contact a genetic counsellor, who will have obtained necessary information from the initial prescribing physician (Fig.1 ).
France is one of the few countries in the world to have such an explicit legal framework (described in Fig. 1 ) [9, 13] . We note that during the revision of the law in Parliament, 'genetic counselling' was added to 'preventive measures or treatment' at the end of the debate in an amendment. We were interested in the impact of this addition: has the list of pathologies concerned grown or not since this new provision came into force, and what do HCPs think about it?
In this light, we questioned French medical genetics professionals about their practice and how it had evolved in this new legal framework. We investigated (i) their practice in disclosing information to relatives, (ii) the justifications for disclosure of information to relatives, (iii) any differences in how these issues were perceived among different professions and fields of medicine, and (iv) what healthcare professionals required to be able to implement the legal provisions through the different steps in the care pathway, from fostering awareness to following up family disclosure and its outcome. We also sought to determine through the survey how healthcare professionals dealt with a patient's refusal to disclose information to their relatives, and whether the new legal framework was helpful in resolving this issue.
Methods
We designed and validated an online survey to be sent out to healthcare professionals. The design and validation were achieved in three stages:
(i) A pre-survey using semi-structured interview with 12 geneticists, clinicians and genetic counsellors was conducted in 2012 to identify areas of doubt concerning disclosure of information to relatives in the context of the new legal framework [1] . (ii) The points identified in the pre-survey were validated, together with the wording of the questionnaire, by groups of professionals. • Patient is now legally bound to inform collateral relatives.
• Genetic counselling added to the existing justifications: genetic conditions that are serious, and treatable and preventable.
• Disclosure can be delegated to a health care professional (standardtemplate letter). These two steps were carried out in a partnership with two genetics units: an oncogenetics unit in Paris, and a unit for red blood cell diseases in Créteil. These two units dealt with genetic health disorders with widely differing consequences in very diverse populations. We were thus able to compare the viewpoints of clinical teams with different practices and so broaden the scope of the questions and validate the relevance of the questionnaire. We met the two teams twice, at a one-month interval: first, to present the project and discuss the results of the pre-survey to identify the main issues that emerged and the relevant questions; second, to discuss the first draft to validate it. We were thus able to verify its relevance and feasibility, and to correct and improve the wording of the questions asked. (iii) After the electronic version of the questionnaire was put online, with the service Survey Monkey ® , we again asked the personnel of the two units to answer the questionnaire: further adjustments to the pagination were made at this stage before send-out.
The finalised questionnaire had four parts asking about:
(A) The respondent: age, sex, profession, practitioner status, healthcare field, link with a centre of expertise and competencies in genetics, (B) What would justify the disclosure of information to relatives? We asked the respondent to name a disorder relevant to their expertise that they felt particularly relevant for family communication.
(C) Practices in disclosure of information to relatives; (D) The respondent's knowledge of the French law modified in 2011, and how its applicability affected their practice.
The questionnaire was put online between August 2014 and February 2015. The participants were approached via professional networks, which were identified, contacted and asked to e-mail their members a presentation of the project and a call to participate. These networks were: The French Association of Genetic Counsellors, the French Human Genetics Federation, the Network of Pre-Symptomatic and Prenatal Diagnosis Centres for Late-Onset Diseases, Orphanet, the College of General Medicine, the General Practitioners Union MG France, The National Society of Internal Medicine, the Genetics and Cancer Group, Gynecomed Ile-de-France and some individual health professionals and their own networks. We cannot therefore estimate the number of persons actually approached. We asked each group or network to send out a reminder, 2 months after the first circulation. All the fully completed questionnaires were analysed. Raw data, overall and by category, were extracted in Excel format using the online questionnaire software. Numbers and percentages were used to summarise the demographics of the participants. The company PeopleVox carried out the statistical analysis of the results by professional category, field of medicine and genetic disorder. The professionals working in several medical fields were split according to the disorder chosen in the second part of the questionnaire as corresponding most closely to their professional practice. Chi-squared testing was used to determine whether there were any differences between categorical variables. According to the p value, the result was considered statistically significant at 95 or 90%. Odds ratio was used to compare two populations. Further to the analysis of the closed questions, we processed the open-ended questions using a question-by-question analysis.
Results
Two hundred four respondents answered the questionnaire by the closure date, with 99 questionnaires fully completed (see Table 2 ). The average age of respondents was 30-49. For profession, academic training and competencies in genetics, we observed an uneven response pattern with 44% clinical geneticists, 10% clinical physicians but not geneticists, 41% genetic counsellors, and 5% psychologists. Some 90% of the respondents worked in a public health centre, 79% worked in relation with a centre of expertise for the disorder concerned, and 84% held a specific qualification in genetics.
The respondents were predominantly women (86%). This very unbalanced sex ratio occurred because most genetics counsellors in France happen to be female. We classified into six subtypes the pathologies chosen by participants as relevant for family communication and in their field of competence. The subtypes were diseases linked to cardiology (9) , neurology (20) , intellectual disabilities (8), oncology (42), pneumology (13) , and all other pathologies (7) (see Tables 3a and 3b ). We report our results under four headings: (i) applicability of disclosure to relatives, (ii) when to broach the subject of disclosure to relatives, (iii) actors, procedures and tools available for professionals to help patients inform their kin, and (iv) applicability of indirect disclosure (disclosure to relatives through the prescribing physician as provided for in the law).
Applicability of disclosure to relatives

Health disorders concerned
The HCPs all agreed on the importance of disclosing information to relatives, but diverged concerning its scope (see Table 3a ): 46.5% considered that the disclosure of information to kin applied to all genetic disorders by virtue of people's right to know, and to have access to genetic counselling, genetic screening and preventive measures or care.
As justifications for disclosure to relatives, they named severity of the disorder and its impact on quality of life, access to screening, usefulness of early monitoring and access to preventive measures and care. As justifications of non-disclosure to kin, they named benign nature of the disorder, lack of preventive measures, de novo mutation and low penetrance. Depending on the pathology chosen as a model by the participants, the answer concerning the extent of disclosure of genetic information to relatives varied (see Table 3a ): in neurology (75%) and pneumology (85%), most professionals considered disclosure not to apply to all genetic disorders, relative to the respondents as a whole.
In the population of 'geneticists' (i.e., clinical geneticists and genetic counsellors, making up 85% of the respondents), the genetic counsellors were more inclined (56%) than the clinical geneticists (36.4%) to assign a broad scope to information disclosure (See Table 4 ).
Justifications for disclosure to relatives
In 2011, access to genetic counselling was added as a justification governing the obligation to inform kin (in addition to prevention and treatment). For 53% of the respondents, this justification ranked as high as access to measures of prevention and treatment, but there were wide variations according to the pathology chosen as a model. Strikingly, 100% of HCPs involved in intellectual disability ranked the genetic counselling justification as high as preventive measures and treatment, against 32% of specialists involved in neurological disorders. The other specialists gave intermediate but non-significant responses. Among the professional categories, the genetic counsellors were more likely (65%) to consider it as a justification with the same rank than were the clinical geneticists (45%) (See Table 4 ). Professionals with no training in disclosure to kin were 4.40 times more likely to consider the additional justification to be of equal rank (χ 2 3.841, p = 0.012). In general, 64% of the respondents considered that the addition of this new justification modified the number of disorders concerned, and 59% considered that it changed the population concerned.
How far to inform in the family
When asked which relatives needed to be warned, 45% of the professionals stated first-degree kin (brother, sister, parents and offspring), 33% second-degree kin (grandparents, uncle and aunt, and grandchildren) and 23% thirddegree kin. The professionals who supported disclosure to first-degree relatives explained that they favoured a gradual propagation of the information from one relative to the next, with the possibility of identifying the persons most concerned, in particular those planning to have children. Specialists in neurological and neuromuscular disorders were 3.10 times more likely to state third-degree kin (χ 2 5.991, p = 0.040).
Is age a criterion to inform?
Sixty-nine per cent of the respondents considered that disclosure was not appropriate at all ages, and that the person had to be able to understand the information disclosed. However, the age at which the disorder appeared was deemed relevant, and childbearing age was often a factor. Thus, in cardiology, 67% of the professionals considered that disclosure was necessary at any age (in contrast to the overall survey population).
Different views on the definition of genetic counselling and implications for disclosure of genetic information to kin
We noted in the pre-survey [1] that professionals did not all share the same definition of genetic counselling. In this survey, we used three distinct notions: support counselling, pre-conception counselling and prenatal counselling. Access to the support counselling was the main justification (86%) for transmitting information to the family for health professionals, before prevention and early surveillance (78%). Pre-conceptional and prenatal counselling was a major justification for professionals involved in intellectual disability or very debilitating diseases (>80%).
We noted that the professionals indicating preconceptional genetic counselling as a major justification of disclosure to relatives were 3.3 times more likely to favour a wide disclosure to relatives of the third degree and farther (χ 2 5.991, p = 0.011), and three times more likely to favour a wide disclosure, irrespective of age, than those not When to broach the subject of disclosure to relatives
The best time for broaching the subject of disclosure to relatives was before the diagnosis for most of the professionals (80%) (see Table 3b ). They emphasised the need for time and explanations to obtain the patient's full agreement to sharing information with relatives. Nevertheless, in a context of intellectual disability, professionals were substantially (3.32 times) less likely than the overall survey population to advocate broaching the subject 'upstream of testing', and underlined the utility of awaiting the final diagnosis, so as to approach the subject according to the disorder identified. Concerning the feasibility of providing information prior to the test as prescribed in the new law, 46% of the respondents answered it was 'often' and 34% 'sometimes' feasible. In cardiology (78%), the proportion of 'often' was greater than in the other medical fields. Overall, 86% of the respondents considered that the subject of disclosure to relatives should always be broached (without waiting for the patient to bring it up). Nevertheless, among the 'nongeneticists', 50% considered that the announcement of the diagnosis should be dissociated from the issue of disclosure to relatives, underlining the need to take the time required for the patient to accept and understand the diagnosis and its implications; they also advocated taking into account the age of the persons potentially concerned, and any relevant family difficulties.
Actors, procedures and tools available for professionals on this subject
To foster awareness among patients of the importance of disclosure to relatives, various actors were brought into play, especially psychologists (70% of the respondents) and genetic counsellors (46% of the respondents). We note that the 'non-geneticists' were much less likely to call upon a psychologist (22%), and gave priority to a genetic counsellor (55.6%). Slightly more than half of the respondents (54%) declared that they had defined a specific procedure to improve disclosure of genetic information to relatives, which could include dedicated times to discuss familial consequences and conditions for informing relatives; 55% declared that the unit or the healthcare centre set it up (see Table 3b ). This figure was 71% for participants in the oncology. In cardiology, by contrast, 83% of the professionals had set up this procedure themselves. When a person opted to inform their relatives personally (direct route), 62% of the professionals declared that they helped their patient 'in all cases' and 38% 'only in some cases depending on the context of the patient (no significant difference between professions). This help consisted essentially in giving the patient information documents (75%) and advice about the best timing of the disclosure (73%). Referral to a support person in the unit or to a patient association was much less frequent (29 and 26%, respectively). The documents cited by professionals were a letter drafted by the prescribing physician about the disorder, its treatment and/ or preventive measures (81%), documents from the centre of expertise for the genetic disorder considered (62%), and documents issued by patient associations (50%). Only 35% of the respondents declared that they made sure the information actually reached the family ('sometimes' 45%, 'never' 20%). Some professionals indicated that this followup was solely oral, and that it was impossible to prove that the disclosure had actually taken place.
Disclosure to relatives through the HCP
Overall, 60% of the respondents reported the refusal of some of their patients to disclose genetic information to their relatives. In a context of intellectual disabilities, all the professionals encountered such refusal (χ 2 3.841, p = 0.025). The reasons alleged for the refusal (52 respondents) were mostly family conflicts (69%), but also loss of contact (31%), and fear of stigma or discrimination (13%). However, 68% of these respondents also reported a reversal in patients' attitudes once they had come to terms with the situation (38%), after family members supporting communication had been found (10%), or as a result of psychological support (8%). In all, 96% of the respondents knew about the French legal context for disclosure to relatives by the prescribing physicians if a person does not want to do it themselves (indirect disclosure). Sixty-six per cent considered indirect disclosure to be part of their job, and 52% considered it feasible. The HCPs who chose a model of pathology linked to cardiology had a significantly different response concerning the legitimacy of this delegation, being 4.3 times less likely to respond positively (χ 2 3.841, p = 0.276). Eighty-seven per cent of the respondents declared that they proposed this indirect route for disclosure to relatives if a patient refused. For 44% of them, the indirect route challenged medical confidentiality, the right not to know, and privacy. Similarly, 39% pointed out the potential psychological impact of a letter, questioning its efficacy. Finally, 36% pointed to a lack of resources, and called for more human resources (44%), more time to listen to patients (20%), a dedicated website (58%) and training (38.5%); 15% wanted appropriate legal protection.
Discussion
In the context of disclosing information to relatives, the HCP no longer has the sole function of caring for and supporting patients, but also helps to identify kin potentially at risk. The challenge of this new orientation is defining the roles for every actor. The French law has opted to lay responsibility for disclosure on the person concerned by a positive test result. Nevertheless, it does not relieve HCPs of all responsibility: they still have to explain genetic issues, familial consequences and the patient's responsibility for disclosure of genetic information to kin. In addition, if a patient does not want to disclose the genetic information to their relatives by themselves, but agrees on indirect disclosure, then the HCP has to deal with it [13] . We will now discuss our results in the light of research carried out on the place of professionals in the framework of disclosure of genetic information to relatives [8] [9] [10] 14] .
The results show that professionals agreed on the relevance of disclosing genetic information to relatives. However, they showed a range of practices and varying representations of the genetic issue in the framework of disclosure to relatives. These differences result in varied opinions or interpretations concerning the applicability of the French legal provision according to their medical field, their role in the health system, and their own definition of genetic counselling.
Different actors, different views on disclosure to relatives in human genetics
The specific features of genetics take the doctor-patient relation out of the one-to-one bond and into a multidisciplinary support system involving clinical geneticists, other clinicians, genetic counsellors, psychologists and patient associations. These different actors do not all have competencies in genetics, and do not all share the same degree of awareness about the impact on families of an identified mutation. This variation can have important repercussions not only on the care and support of the patient, but also on the disclosure of genetic information to the patient's relatives. We regret the low representation of 'non-geneticists' in this study, which may reflect difficulty approaching networks of professionals less directly concerned by genetics, and less aware of the implications of genetic disorders for kin. In addition, the actors do not all share the same views on the disorders concerned by disclosure to relatives: for example, genetic counsellors were significantly more likely than clinical geneticists to assert that disclosure concerned all genetic disorders. This divergence may stem from the fact that these actors play quite distinct roles in patient care. Genetic counsellors are more narrowly focused on the mechanisms of transmission of the mutation, whereas clinicians are primarily interested in the patient's medical care [15, 16] . As regards which relatives to inform, the professionals mostly advocated disclosure to first-degree kin, and transmission of the information from one relative on to the next. However, we observed that the 'geneticists' were more likely to favour far-reaching disclosure than 'non-geneticists'. It would seem that more professional collegiality could usefully be encouraged so that different viewpoints can be shared, and decisions made on the basis of competing priorities.
Applicability of disclosure to relatives: what are the justifications?
The most important justifications named by the HCPs were access to genetic counselling in support, prevention and threat to life. Comparing medical fields, some observed variations warrant further exploration: access to treatment was a major justification in cardiology, but not in pneumology, and was assigned ranging importance in the other medical fields, such as in oncology, where the appraisal was found to vary according to the cancer considered. These differences could reflect the differing degrees of threat to life and the known benefits of early care. The French legal framework concerns 'severe genetic abnormalities for which there exist preventive measures, including genetic counselling, or treatment. The law proposes two yardsticks for appraising severity: 'risk of premature death' and 'risk of severe disability, in particular the risk of a lack of autonomy in adulthood'. The appraisal of the degree of severity will take into account 'probable clinical manifestations', variability in the expression of the disorder and the current state of knowledge. The existence of 'preventive measures, including genetic counselling, and treatment' has also to be considered.
Our study shows that different professionals, according to their medical field and their competencies in genetics, differed in their evaluation of the genetic counselling as a justification for disclosing genetic information to kin. Through a subdivision of genetic counselling into support, pre-conceptional and prenatal counselling, we found that professionals had varying definitions of the role and scope of application of genetic counselling that depended on their profession. Do these differences in how the scope of genetic counselling is defined reveal different views on the utility of genetics in healthcare? This question was prompted by a correlation we observed among certain professionals: those who considered that access to pre-conceptional genetic counselling was a major justification for disclosing genetic information to relatives advocated extending disclosure to more distant relatives, and emphasised childbearing age as a factor when informing them. This may underline a difference of training among professionals concerning the impact of genetics: those least well-versed in genetics ranked genetic counselling significantly more often alongside the two other justifications (prevention and treatment). Would a clearer definition of genetic counselling allow a better appraisal of its role and scope, according to the medical field, in particular with the fast growth of new methods of sequencing and the new data that will soon be available? We have to bear in mind that the French law was originally meant to address situations that were life-threatening to relatives [17] . The question for the French law is thus: are these three justifications (prevention, genetic counselling and treatment) for disclosure of information to kin cumulative or each sufficient individually? If the genetic counselling alone could be a justification, all hereditary genetic disorders would fall within the scope of the law, even if there are no treatment or prevention measures to fight the disease. The example of Huntington's disease comes to mind: should a patient be held legally responsible if they fail to disclose the information to their relatives given that there is neither treatment nor prevention measures? Given the diversity of these situations, further thinking on the part of professionals, ethics bodies and learned societies will be needed to delimit the concrete, efficacious applicability of disclosure of genetic information to relatives in different model disorders, and so help practitioners exercise sound judgement.
Disclosure to relatives in practice: needs and issues
In this study, we report a range of approaches by health professionals to the implementation of recommendations for the disclosure of genetic information to relatives. To harmonise practice according to the disorders concerned, it could be useful to design care pathways in which each actor would be assigned a known role in this context of disclosure to relatives, and so receive appropriate training. The delivery of information by the practitioners to the kin (indirect disclosure) was deemed part of their job, and practicable by most of the respondents, but they pointed out a lack of resources, and raised some ethical issues. They felt responsible to relatives, but put forward many arguments against indirect disclosure, as shown in the study of Dheensa, which led them to favour direct disclosure [9] . Possibly, some professionals do not want to be involved in indirect information, so they will not be held responsible if the information does not get through. This issue underlies the first court cases in the United Kingdom, where the court was called to rule on whether there was a duty of care for healthcare professionals towards their patients' relatives even without the patients' agreement [18] . In the French context, even if a professional is responsible for informing their patient about their legal obligation towards their relatives, the professional cannot directly inform relatives without the patient's agreement. The legal liability would here lie with the patient who refused to inform their family either directly or indirectly, if the disease was severe, and if there existed 'prevention, including genetic counselling, or treatment measures'. The case concerned Huntington's disease: we have seen that the French legal framework is not clear about such a disease. Nevertheless, concerning patient acceptance, French HCPs observed that most patients moved on from refusal to agreement to disclose genetic information to kin as time passed, or with psychological support, or after cooperative family members were identified. For HCPs, disclosure by patients themselves seems better than by themselves for both practical and human reasons, as confirmed by several studies [11, 19] . It requires thinking about the tools that need to be made available to the patient, and their accessibility: letters and document, possibly in electronic format [14] . We note that the French law does not provide for any subsequent follow-up of disclosure. Even so, for disorders that are life-threatening and for which there are preventive measures or treatments, it may be appropriate for professionals to support the patient more closely and more individually to favour communication with the family [5, 20, 21] . The designation of a support person among the care professionals, who would help the patient perform the disclosure, could be envisaged. Patient associations, through their proximity to the families, provided their members have been appropriately trained and their roles in the patient's pathway clearly defined, could act as facilitators in the disclosure process [1] .
Newly available technology such as very highthroughput sequencing greatly enhances our ability to identify potentially at-risk patients who require family communication. This trend requires a better definition of the conditions necessary for proper disclosure of genetic information to relatives implying commitment of all actors to ensure adequate dissemination of results when necessary [18, 23] . We recommend the development, using model pathology, of specific procedures with a multidisciplinary decision-making process to cross-different points of view. This would enable real support and an enlightened decision by patients, who are legally responsible for informing their relatives.
Conclusion
The issue of whether to inform collateral relatives to prevent genetic condition-related risks is a major dilemma for the healthcare professionals involved. The study we have conducted concerns HCP practice concerning familial genetic information sharing. A French legal provision for disclosing relevant information to family introduces (i) a duty for persons taking a test to inform their relatives if a pathogenic variant is discovered that concerns a serious health disorder for which treatments, prevention and/or genetic counselling exist, and (ii) the possibility for such persons to inform their relatives indirectly by means of a confidential letter addressed to those relatives by healthcare professionals. This study is an important contribution to exploring a uniquely binding legal framework. HCPs all agree on the relevance of disclosing genetic information to relatives, but are uncertain about the limits of the legal framework. The addition of genetic counselling to the legal justifications for disclosure of genetic information to kin is not viewed homogeneously according to the professionals, their speciality and their level of training in genetics. As a justification, it extends the scope of the law (extending those pathologies concerned) and raises important ethical questions when there is no prevention or treatment. We recommend (i) due emphasis on the legal obligation to inform family in cases of severe genetic diseases for which there are preventive measures or treatment, and (ii) specification in the legal framework of available genetic counselling as an obligatory support, but not as a sufficient justification on its own to oblige patients to inform their families. Possible indirect disclosure to relatives by the physician when a patient does not want to know their results or does not want to inform their relatives themselves is a step that HCPs consider part of their job, but which requires new resources.
